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Abstract
Background: The diagnostic assessment of the level of difficulty in treating patients who need prosthodontic care is useful to establish a medico-
economically efficient system with primary care dentists and prosthodontic specialists.
Materials and methods: A multi-axis assessment protocol was established using the newly established treatment difficulty indices. The protocol
contains Axis I: oral physiological conditions (e.g., teeth damage and/or missing teeth); Axis II: general health and sociological conditions (e.g.,
medical disorders); Axis III: oral health-related quality of life (OHRQOL; e.g., oral health impact profile: OHIP); and Axis IV: psychological
health (e.g., mood, anxiety, somatoform disorders). A preliminary study on the test–retest consistency of the protocol was conducted to check the
levels of reliability of the indices prior to a large-scale, multi-center cohort study on the validity of the protocol.
Results: The test–retest consistency in terms of the oral physiological condition (Axis I) after data reduction was 0.63 for patients with teeth
problems, 0.95 for partially edentulous patients, and 0.62 for edentulous patients. The reliability for general health and sociological conditions
(Axis II), OHRQOL (Axis III), and psychological health (Axis IV) were 0.88, 0.74, and 0.61, respectively. These values reflect either ‘‘sufficient
agreement’’ or ‘‘excellent agreement’’ in accordance with the criteria established by Landis and Koch (1977) [1].
Conclusion: This protocol is the first multi-axis assessment scheme introduced for prosthodontic treatment with sufficient reliability. This new
system is therefore expected to have a significant impact on future dental diagnostic nomenclature systems.
# 2012 Japan Prosthodontic Society. Published by Elsevier Ireland. 
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The approach to dental treatment has changed from care
focusing on the oral cavity to holistic care [2], which is
reasonable considering the relationships between periodontal
diseases and diabetes [3,4], oral care and aspiration pneumonia
[5,6], cerebral infarction and swallowing disorders [7], as well
as psychological problems and orofacial pain [8]. Therefore,
patients who need prosthodontic care may not only have
problems with their oral characteristics, which are considered
to be a physical condition, but also with their general and
psychological health as well as environmental factors. In
addition, dentists are required to perform multidisciplinary
(multi-axis) care and multiple diagnoses, including those of
general and psychological health rather than just focusing only
on conventional prosthodontic rehabilitation.
Furthermore, a paradigm shift has been established from a
doctor/disease-oriented system to a patient/problem-oriented
system. Consequently, the significance of patient-based out-
comes, with the identification of the specific individual needs
for each patient has thus been highlighted. Nevertheless, there
is a lack of a systematic methodology or approach, or even any
guidelines that enable the dentist to evaluate this individual
variation and determine the appropriate prosthodontic treat-
ment. In addition, there are no diagnostic criteria that include
all these intercorrelated factors, and therefore the risk factors
that may affect the results of prosthodontics care have not yet
been fully identified. Therefore, continued inefficiency exists in
terms of dental education, research as well as healthcare costs
due to the lack of differentiation between cases for which
treatment is difficult and those for which conventional
treatment is appropriate.
The American College of Prosthodontists (ACP) developed
a classification system for the partially edentulous and those
with tooth problems based on diagnostic findings [9,10]. The
ACP aimed to establish systemic diagnostic criteria for the
partially edentulous and those with teeth problems by using the
comprehensive results of evaluation of the following four oral
conditions: 1. The location and pattern of edentulism, 2.
condition of any abutment teeth, 3. occlusion, and 4.
characteristics of the residual ridge. This approach is critical
in the prosthodontic field because it is the first attempt to
establish diagnostic criteria as well as dental treatment based on
an overall evaluation of the whole oral cavity. However, it does
not include items related to the patient’s general physiological
and psychological health. In other words, this classification
system is limited to the patient’s oral physiological conditions,
and it does not evaluate the patient’s needs from a multi-
disciplinary perspective.
The Japan Prosthodontic Society (JPS) has systematized the
clinical examinations and performed multi-axis assessment of
complex variations in patients who need prosthodontic care in
response to this current demand for such holistic approaches.
The objectives for the development of the multi-axis
assessment protocol on the treatment difficulty indices for
prosthodontic care are as follows: (1) establishment of the
prosthodontic diagnosis based on clinical evidence, (2)identification of the holistic risk factors specific to prostho-
dontic care, such as general health/social problems, and
psychological problems of patients, (3) the application of
patient-based outcomes to measure the effectiveness of various
prosthodontic treatment options, and (4) the utilization of a
multi-axis assessment style.
This report introduces the newly developed ‘‘multi-axis
assessment protocol with treatment difficulty indices for
prosthodontic care’’ and describes the results of a multi-
centered clinical study on test–retest consistency conducted in
major prosthodontics research centers in Japan.
2. Multi-axis assessment protocol to measure treatment
difficulty in prosthodontic care
2.1. Development of the multi-axis assessment protocol to
measure treatment difficulty
The concept of treatment difficulty was defined as ‘‘it
required more medical resources (time, money, human) to
improve his/her oral health related QOL (OHRQOL) to the
level required by the patient’’.
The system of this multi-axis assessment protocol on the
treatment difficulty indices for prosthodontic care utilizes four
axes, including Axis I: oral physiological conditions, Axis II:
general physiological health and sociological conditions, Axis
III: OHRQOL, and Axis IV: psychological health of the patients
[8,11]. The first edition (ver. 1.04) was introduced after the Ad
Hoc Committee for Clinical Guidelines for Prosthodontic
Management of the JPS prepared the draft and obtained
opinions from JPS board members and affiliates.
2.2. Structure of the multi-axis assessment protocol
The study protocol is made up of a clinical examination form
and a questionnaire ([12]; Appendices 1–7). The clinical
examination form was completed by a dentist in charge or a
research coordinator at each institution, and the questionnaire
was filled out by the patients.
2.2.1. Questionnaire for patients
2.2.1.1. Primary patient data. The questionnaire consisted of
several questions asking the name of the associated institution,
identification number, date of entry, among others in order to
remain anonymous while still enabling information on the
individual’s context to be obtained. This part of the
questionnaire was filled out by the dentist in charge or a
research coordinator before the questionnaire was distributed to
the patients.
2.2.1.2. OHRQOL (Appendix 5). This study used the
Japanese version of the OHIP (OHIP-J54 [13]). The OHIP-
J54 was produced by the following steps: Oral Health Impact
Profile by Slade et al. [14] was translated into Japanese and
revised by Japanese dentists, and then translated back to
English and proofread (OHIP-J49). Five new items related to
temporomandibular joint dysfunction and others were added
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tested previously suggested that it was sufficiently reliable in
clinical use. The internal consistency (Cronbach’s alpha)
within each subscale was 0.90, which was satisfactory [13].
2.2.1.3. Psychological health of patients (Appendix 6). The
psychological health assessment protocol that covered mood,
anxiety and somatoform disorders of the patients was based on
the preliminary study by Wake and Tamaki [15].
2.2.2. Clinical examination protocol for doctors
2.2.2.1. Demographic data and oral conditions. Either the
dentist in charge or a research coordinator inspected the oral
cavity of the patients to check their dental formula, as well as
interviewed the patients about their chief complaints.
2.2.2.2. Skill index of the dentist in charge. The years of
experience (years), JPS specialist license (yes/no), affiliation,
and age (years) of the dentist in charge were recorded.
Information on the dentist who was responsible for prostho-
dontic care was included when the dentist in charge was
replaced by another dentist.
2.2.2.3. Oral physiological conditions (Appendices 1–3). A
totally edentulous jaw, partially edentulous jaw, and tooth
problem were classified into Levels I (easy) to IV (difficult) in
accordance with the classification of oral physiological
conditions established by Hideshima.
2.2.2.4. General health and sociological conditions
(Appendix 4). The classification of general health and socio-
logical conditions proposed by Sato were used. The general
health, daily activities, and social conditions of the patients,
which may be risk factors of prosthodontic care, were
comprehensively assessed into Levels I (easy) to IV (difficult)
based on previously published recommendations.
2.2.2.5. Pre-operative subjective/intuitive assessment of the
treatment difficulty by the dentist in charge (Appendix 7). The
dentist in charge performed the pre-operative subjective
assessment of the treatment difficulty level to evaluate the
internal consistency of the clinical examination form and
questionnaire.
2.2.3. Data reduction and construction of multi-axis
assessment protocol
Four items (axes) were extracted from the questionnaire and
clinical examination protocol, analyzed on the basis of the
following criteria and evaluated on a four-point scale (Grades 0,
1, 2, and 3).
2.2.3.1. Axis I: Oral physiological conditions (Appendices 1–
3). Oral physiological conditions were separately analyzed in
the three conditions (protocols), i.e., totally edentulous jaw,
partially edentulous jaw, and tooth problems. Patients for whom
all items were determined as Level I or II were classified into
‘‘Grade 0’’, those for whom one of the items was determined asLevel III were classified into ‘‘Grade 1’’, those for whom some
of the items were determined as Level III were classified into
‘‘Grade 2’’, and those for whom one of the items was
determined as Level IV were classified into ‘‘Grade 3’’.
2.2.3.2. Axis II: General health and sociological conditions
(Appendix 4). Patients for whom all general physiological
health and sociological condition items were determined to be
Level I were classified into ‘‘Grade 0’’, those for whom one of
the items was determined to be Level II (caution needed) were
classified into ‘‘Grade 1’’, those for whom some of the items
were determined to be Level II were classified into ‘‘Grade 2’’,
and those for whom one of the items was determined to be
Level III or IV were classified into ‘‘Grade 3’’.
2.2.3.3. Axis III: OHRQOL (Appendix 5). Patients with a total
of OHRQOL points ranging from 0 to 24 were classified into
‘‘Grade 0’’, those with total points ranging from 25 to 47 were
classified into ‘‘Grade 1’’, those with total points ranging from
48 to 73 were classified into ‘‘Grade 2’’, and those with total
points over 73 were classified into ‘‘Grade 3’’.
2.2.3.4. Axis IV: Psychological health conditions
(Appendix 6). Patients who had ‘‘no experience of any
psychological ill heath’’ or ‘‘rarely experienced it’’ were
classified into ‘‘Grade 0’’, those who ‘‘sometimes experienced
one of the conditions’’ were classified into ‘‘Grade 1’’, those
who ‘‘sometimes experienced some of the conditions’’ were
classified into ‘‘Grade 2’’, and those who often or always
experienced one or more of the conditions were classified into
‘‘Grade 3’’.
3. Subjects for testing the reliability of the protocols
The university-based research institutions certified by the
JPS, including Clinic of Dentistry in Tokushima University
Hospital (2006–2007, coordinator: K. Nagao), Complete
Denture Clinic in Tokyo Dental College Hospital (2006–
2007, coordinator: Y. Kodaira-Ueda), Fixed Prosthodontic
Clinic in Okayama University Hospital (2006–2007, coordi-
nator: A. Kimura-Ono), Prosthodontic Clinic of Kanagawa
Dental College Hospital (2007–2008, coordinator: K. Tamaki),
and Prosthodontic Clinic in Hiroshima University Hospital
(2007–2008, coordinator: K. Tsuga, M. Yoshikawa), sampled
patients who visited these hospitals for the first time to receive
prosthodontic care for missing and lost teeth. These patients
were divided into four groups according to the sequential
exclusion diagnosis, including a group with fully edentulous
jaw, a group with a mixture of edentulous and partially
edentulous jaw, a group with partially edentulous jaw, and a
group with tooth problem (Fig. 1).
3.1. Inclusion criteria
Patients who agreed to undergo the test twice at an interval
of two weeks (test–retest) and met the following criteria were
included in the study.
New patie nts see king for
prosthodon tic treatments
Full y edentulou s patients
Patients with teeth proble ms
Single  jaw  edentulous 
patients
Partially edentulous patie nts
Single  jaw  edentulou s patie nts wit h 
partial edentuli sm and/or teet h 
proble ms
Fig. 1. Sequential exclusion diagnosis process.
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(i) Patients with edentulism in at the least upper or lower jaw
who visited one of the participating institutions with a
complaint due to this condition during the given period.
(ii) Patients who wore complete dentures even when there were
remaining stumps and/or root caps.
3.1.2. Partially edentulous patients
(i) Patients with partially edentulous jaw, except for the third
molars, who visited one of the participating institutions with
a complaint due to this condition during the given period
(except for patients who had fixed prosthesis [including
implant-supported superstructures] and patients who had
had teeth extracted as part of orthodontic treatment).
3.1.3. Patients with tooth problems
(i) Patients with tooth problems who visited one of the
participating institutions with a complaint due to this
condition during the given period.
(ii) Patients who do not have actual tooth problems, but needed
crown restoration due to tooth discoloration or malocclu-
sion.
(iii) Patients without an untreated partially edentulous jaw
except for the third molars (except for patients who had
fixed prosthesis/prostheses for partially edentulous jaw).
3.2. Exclusion criteria
(1) Patients who were considered to be unable to participate in
this study protocol, including the oral examination and
questionnaire, due to a speech disturbance and/or dementia.
(2) Patients who had significant changes in their oral cavity
between the first and second tests, for example due to acute
orofacial inflammation, acute trauma, and/or tooth
extraction.(3) Patients for whom follow-up was difficult over a long
period due to hospitalization and/or other factors.
4. Study method
This study protocol was approved by ethical review board
for clinical epidemiology of each institution prior to initiation
of the study.
One research coordinator in each institution provided
calibration of the examination procedure and diagnostic criteria
to all dentists in charge of the study. These dentists were
selected irrespective of their years of experience. The time of
sampling varied depending on the institutions because the time
of approval by the ethical review board of each institution was
different. The sampling period was set at approximately six
months, and each institution performed consecutive sampling
of patients.
The participants were asked to fill out the questionnaire as
soon as after the first visit and then fill them out approximately
two weeks after the first questionnaire was completed in order
to study the test–retest consistency of the clinical examination
form and patient questionnaire. The coordinator collected
the clinical examination form and the questionnaire and the
dentists in charge were not allowed to view their contents. The
obtained clinical examination forms and questionnaire results
were sent directly to Okayama University in order to protect the
subjects’ privacy, and the research coordinator of Okayama
University stored the data in a computer disconnected from the
network to manage these data as an anonymized database in a
linkable fashion.
5. Data processing method
The test–retest consistency of the items in the clinical
examination form and patient questionnaire was studied. More
Table 1
Type of edentulism of the participants.
All subjects Fully edentulous Partially edentulous Teeth problem Mixture of full and
partial edentulism
No. of subjects 151 23 90 24 14
Mean age (years old) 66.3  11.5 71.0  8.1 63.7  11.8 52.6  14.5 70.2  11.2
Male/female 66/85 14/9 31/59 10/14 11/3
No. of missing teeth 8.7  9.5 25.8  5.7 8.3  5.8 2.5  4.7 18.1  7.8
OHIP scores 55.2  35.6 56.0  45.0 57.0  35.0 53.0  31.6 46.1  33.1
Table 2
Demographic characteristics of the examiners.
Characteristics All examiners
No. of examiners 52
Mean age (years old) 36.3  8.5
Male/female 30/22
Years of clinical experience 7.9  6.4
Expertise (crown and bridge restoration/removable
dentures/dental implant and temporomandibular
disorders)
16/28/8
Accredited by JPS/non-accredited by JPS 14/38
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twice at an interval of two weeks, was statistically analyzed.
The data analysis was performed by the coordinator of
Okayama University (A. Kimura-Ono). Missing data in terms
of the OHRQOL and psychological assessment in the patient
questionnaire, were corrected by the median value of the
category and included in the analysis. The data on OHRQOL
and psychological assessment results of the patients were
excluded from the analysis when more than half of the items in
this category were missing.
6. Statistical analysis
A weighted kappa score was calculated on the basis of the
results of Axis I and Axis II. The reliability of Axis III
(OHRQOL) and Axis IV (psychological findings) was
investigated using Spearman’s rank correlation coefficient.
The test–retest consistency of the assessment of the level of
difficulty of treatment after the data reduction was assessed by
weighted kappa (kw). Internal consistency levels between pre-
operative subjective assessment of the treatment difficulty by
the dentist in charge and the clinical examination form and
questionnaire were analyzed by Spearman’s correlation
coefficient. The prevalence of missing values in the examined
protocol was also recorded to check the utility of the protocols.
The statistical analysis was performed using SPSS version 17.0.
7. Results
7.1. Primary data on the subjects
The number of patients who visited these hospitals for the
first time during the sampling period was 1014, among which
521 patients did not meet the inclusion criteria of this study
because they needed treatment for TMD, periodontal diseases,
and/or oral surgery. Furthermore, there were 26 patients whose
baseline data were not known and 18 patients whose baseline
data could not be checked against the questionnaire and
clinical examination form. The initial study population
consisted of 449 patients (mean age: 64.0  12.7 years old,
male/female: 179/270). Two hundred ninety-eight patients
who did not agree to participate in the test–retest process were
excluded, and the final number of subjects was 151 (Tokushima
University Hospital [male/female: 25/42; mean age:
63.8  10.4], Tokyo Dental College Hospital [male/female:
12/15; mean age: 63.6  8.1], Okayama University Hospital[male/female: 15/5; mean age: 62.5  11.2], Kanagawa
Dental College Hospital [male/female: 10/9; mean age:
60.4  12.2], and Hiroshima University Hospital [male/
female: 4/14; mean age: 56.9  14.5]). The largest group
was the partially edentulous patients (n = 90, mean age: 66.3
years, male/female: 1/1.4), based on the baseline data of the
151 subjects by oral findings (Table 1).
There were 52 dentists in charge of the clinical examina-
tions, with almost equal numbers of males and females. They
had expertise in various research areas, including crown/bridge
restorations, dentures, and dental implants. Dentists who were
not accredited by JPS as specialists of prosthodontic care
accounted for approximately 74% of the examiners (Table 2).
7.2. Reliability of the original data from each assessment
protocol
7.2.1. Reliability of the oral characteristics (Axis I)
The mean weighted kappa scores of the oral characteristics
of the edentulous patients, partially edentulous patients, and
patients with tooth problems were 0.65, 0.85, and 0.72
respectively. These values were considered to be in sufficient
agreement in the edentulous patients (Table 3) and in patients
with tooth problems (Table 4), and in excellent agreement with
the partially edentulous patients (Table 5).
7.2.2. Reliability of general health and sociological
conditions (Axis II)
The mean weighted kappa score of the general health and
sociological conditions was 0.90, which indicated excellent
agreement in general. Table 6 shows the reliability level of each
examined item. The agreement level was generally high, since
Table 4
Reliability of the assessment protocol on oral physiological conditions of teeth
problem.
Examination items No. of
samples
kw
score
1. Vitality of the tooth 21 0.94
2. Remaining tooth condition
Remaining number of axial walls 21 0.88
Height of remaining tooth 21 0.79
Existence of caries 23 0.92
Dental pulp (vital teeth only) 21 0.89
Perforation, crack, difficulty
after removal, etc. (non-vital teeth only)
22 0.84
3. Malalignment and/or malpositioning of the tooth
Displacement, rotation, asymmetry, root proximity 23 0.66
Extruded opposing teeth 23 0.76
Deviated jaw position, unstable intercuspal position 23 0.94
4. Caries
Overall caries activity 22 0.86
Number of restored teeth and caries teeth 22 0.76
5. Periodontal disease
Overall oral hygiene status 23 0.92
Examined tooth mobility 23 0.89
Alveolar bone resorption evaluated
by dental X-ray examination
23 0.92
Furcation lesion (X-ray, probe) 23 0.68
Pockets, bleeding on probing 23 0.66
Table 3
Reliability of the assessment protocol on oral physiological conditions of fully
edentulous patients.
Examination items No. of samples
(maxilla/
mandible)
kw score
(maxilla/
mandible)
1. Shape of residual ridge
Height of residual ridge (20/12) 0.62/0.84
Cross-sectional shape of residual ridge (20/12) 0.68/0.84
2. Property of mucous membrane
Firmness (19/12) 0.54/0.60
Thickness (19/13) 0.64/0.66
3. Interocclusal relationship of the
alvelar ridges
Anteroposterior relationship in
sagittal section
20 0.59
Deviation in frontal section 20 0.55
Asymmetry of the shape of residual
ridge and/or inter-alvelar ridge
space in frontal section
20 0.73
4. Oral habit, etc.
Abnormal oral habits, tongue position, etc. 20 0.64
Vomiting reflex 20 0.67
5. Others
Torus, residual ridge undercut,
abnormal position of frenulum
20 0.68
Amount and nature of saliva 20 0.49
Table 5
Reliability of the assessment protocol on oral physiological conditions of
partially edentulous subjects.
Examination items No. of
samples
(maxilla/
mandible)
kw score
(maxilla/
mandible)
1. Dento-occlusal support
pattern (according to
the Miyachi’s Triangular
Classification)
59 0.94
2. Pattern of tooth missing (defects) 41/44 0.87/0.87
3. Space for prosthesis
(artificial/pontic teeth)
59 0.79
4. Horizontal overlap or discrepancy 59 0.89
5. Condition of remaining
dentition/periodontal tissue
Malalignment, malpositioning
of dentition
59 0.79
Caries activity 59 0.92
Periodontal disease 59 0.89
6. Condition of residual ridge
Shape of residual ridge, torus 59 0.82
Property of mucous membrane 59 0.78
Abnormal oral habits,
abnormal tongue position
59 0.79
Table 6
Reliability of the assessment protocol on general health and sociological
conditions.
Examination items kw score Examination items kw score
1. Age 0.96 11. Allergy 0.54
2. Diabetes mellitus 1 12. AIDS 1
3. Cerebrovascular
disorder
1 13. Dementia (cognitive
impairment)
1
4. Hypertension 0.9 14. Oral dyskinesia 1
5. Heart disorder 1 15. Taking steroids 1
6. Respiratory disease 0.81 16. Smoking 1
7. Hepatitis 0.64 17. Drinking, Drug
dependence
1
8. Gastroenteropathy 0.78 18. Other diseases 0.75
9. Kidney disease 1 19. Physical function 1
10. Hematologic
disease
0.52 20. Ambulatory 1
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several items did not show perfect agreement.
7.2.3. Reliability of the OHRQOL (Axis III)
There was a significant correlation among the total scores of
the first and second OHIP-J54 assessments and all items of the
subscales (Table 7).7.2.4. Reliability of psychological health conditions (Axis
IV)
There was a significant correlation between the total scores
of the first and second assessments of the psychological health
conditions ( p < 0.01, r = 0.79; Table 8).
7.2.5. Reliability of overall intuitive assessment of the
treatment difficulty level by the dentist in charge
There were significant correlations between the reliability of
the overall intuitive assessment of the treatment difficulty level
by a dentist in charge of the first and second assessment scores
of all items, such as oral physiological conditions, general
health and sociological conditions, and psychological health
conditions (Table 9).
Table 7
Test–retest reliability analyzed by Spearman’s rank correlation for the Oral
Health Impact Profile-J54 and eight subscales.
Dimension (No. of items) OHRQOL score P value r
OHIP-J54 (54) 55.2  35.6 <0.0001a 0.86
Functional limitation (9) 14.0  7.5 <0.0001a 0.85
Physical pain (9) 9.6  6.3 <0.0001a 0.81
Psychological discomfort (5) 6.2  4.8 <0.0001a 0.80
Physical disability (9) 9.5  7.3 <0.0001a 0.84
Psychological disability (6) 4.4  4.4 <0.0001a 0.69
Social disability (5) 2.7  3.2 <0.0001a 0.80
Handicap (6) 4.1  4.2 <0.0001a 0.77
Additional items (5) 5.1  3.5 <0.0001a 0.79
a Spearman’s rank correlation coefficient.
Table 9
Reliability of the subjective/intuitive assessment of the treatment difficulty level by the doctor in charge.
Examination items Median of the treatment
difficulty level
95%CI P value r
Overall treatment difficulty 3.0 [0–9] 2.6–3.4 <0.0001a 0.86
Difficulty level in terms of oral physiological conditions 3.0 [0–9] 2.6–3.4 <0.0001a 0.88
Difficulty level in terms of general health and sociological conditions 2.0 [0–9] 1.7–2.3 <0.0001a 0.86
Difficulty in terms of psychological health conditions 2.0 [0–9] 1.7–2.3 <0.0001a 0.85
95%CI: 95% Confidence interval.
a Spearman’s rank correlation coefficient.
Table 8
Test–retest reliability analyzed by Spearman’s rank correlation for the psycho-
logical health conditions.
Examination items Median P value r
1. Duration of perceived symptom 1 [0–3] <0.0001a 0.59
2. Treatment seeking behavior 1 [0–3] <0.0001a 0.79
3. Somatization 1 [0–3] <0.0001a 0.47
4. Psychological sensitization 2 [0–4] <0.0001a 0.70
5. Anxiety 1 [0–3] <0.0001a 0.71
6. Anger 1 [0–3] <0.0001a 0.78
7. Insomnia 1 [0–3] <0.0001a 0.68
8. Depression 1 [0–3] <0.0001a 0.71
9. Losing interest or joy 1 [0–3] <0.0001a 0.70
10. Mental stress perception 1 [0–3] <0.0001a 0.74
a Spearman’s rank correlation coefficient.
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difficulty indices after data reduction
The test–retest consistency in terms of the oral character-
istics (Axis I) after the data reduction were 0.63 (kw) for the
patients with teeth problem, 0.95 (kw) for the partially
edentulous patients, and 0.62 (kw) for the edentulous patients.
The reliability for the general health and sociological
conditions (Axis II), OHRQOL (Axis III), and psychological
health conditions (Axis IV) were 0.88, 0.74, and 0.61 (kw),
respectively (Table 10). These values reflect either ‘‘sufficient
agreement’’ or ‘‘excellent agreement’’, based on the criteria by
Landis and Koch [1].
7.4. Internal consistency between the four-point
assessment of treatment difficulty indices after data
reduction and pre-operative intuitive assessment of the
treatment difficulty by the dentist in charge
Spearman’s correlation coefficient between the four-point
assessment of treatment difficulty indices after data reduction
and pre-operative intuitive assessment of the treatment
difficulty by the dentist in charge showed significant internal
consistency in the oral physiological conditions (Axis I;
p < 0.01, r = 0.29), the general health and sociological
conditions (Axis II; p < 0.01, r = 0.30), and OHRQOL (Axis
III; p < 0.01, r = 0.25). There were not a significant correlation
between the subjective assessment by the dentist in charge and
the four-point difficulty assessment of psychological health(Axis IV) that was based on the patient’s self-estimated
questionnaire ( p = 0.55, r = 0.03).
7.5. Proportion of missing values in the questionnaire and
the clinical examination form
The study assessed the number of missing values in the
questionnaire and the clinical examination form before
treatment (the first test) of the test–retest samples, and
evaluated the usability of the questionnaire and clinical
examination form. The results showed that 70.1% of the oral
characteristics (Axis I) and 35.3% of the general health and
sociological conditions (Axis II) in the clinical examination
form contained some missing values. The proportion of missing
values in the questionnaire for OHRQOL (Axis III) and
psychological health (Axis IV) were low at 16.6% and 5.3%,
respectively (Table 11).
8. Discussion
This protocol is the first multi-axis assessment scheme
introduced for prosthodontic treatment in general dentistry. The
scheme is expected to have a significant impact on future dental
treatment, due to its holistic approach for prosthodontic care,
especially because the dental treatment policy has shifted with
the growth of the aging population. Although the initial raw
data contained some items with low reliability, the reliability of
the items was excellent after the data reduction. Each item
achieved ‘‘sufficient agreement’’, which indicated that this
Table 11
Prevalence of missing values in the protocol.
Type of protocol investigated Absence/presence
of missing values
Prevalence
of missing
values (%)
Multi-axes assessment protocol
Axis I: Oral physiological
conditions
41/96 70.1
Axis II: General health and
sociological conditions
79/43 35.3
Axis III: OHRQOL 126/25 16.6
Axis IV: Psychological
health conditions
143/8 5.3
Table 10
Reliability of the final four-point assessment of the treatment difficulty indices after data reduction.
Examination items Distribution (1st test) Distribution (2nd test) kw
Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3
Axis I: Oral physiological conditions (fully edenturous) 7 5 1 10 8 4 1 10 0.82
Axis I: Oral physiological conditions (partially edenturous) 23 20 13 34 26 20 11 33 0.73
Axis I: Oral physiological conditions (teeth problems) 0 4 2 18 0 5 2 17 0.78
Axis II: General health and sociological conditions 59 24 20 19 57 26 20 19 0.88
Axis III: OHRQOL 32 38 34 47 52 18 46 35 0.74
Axis IV: Psychological health conditions 39 27 31 49 44 26 25 51 0.61
kw: weighted kappa index.
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clinical settings. The internal consistency between the four-
point assessment of treatment difficulty indices after data
reduction and pre-operative subjective/intuitive assessment of
the treatment difficulty by the dentist in charge was also
excellent, except for the index of psychological health
assessment. That is easily understandable, since dentists are
not trained in psychological assessment as well as at oral
physiological conditions in general. This phenomenon might
indirectly indicate the protocol would be very useful to assist
diagnostic ability on psychological health status of dentists
including general practitioners and prosthodontics specialists
[15].
On the other hand, there were a lot of omissions in the
questionnaire and clinical examination form. In particular, 71%
of the data on oral characteristics (Axis I) in the clinical
examination form had omissions, which suggested that it might
have been hard for the examiner to fill out the entire section. In the
future, this form should be modified to change the items with low
reliability and/or decrease the total number of questions.
Furthermore, a short-form version of the OHIP [16,17] should
be used since it would be more appropriate in the section for
OHRQOL (Axis III) in order to ease patients’ burden.
Some items concerning TMD were included in the section of
OHRQOL. However, it would be more applicable if this was
included in the physical and sociological conditions (Axis II) or
in a separate axis in further studies. Other important items for
prosthodontic treatment other than those in this protocol
include assessments of dentures and occlusion before the
initiation of treatment.The diagnostic nomenclature system of oral diseases and
conditions that require prosthodontic treatment has been under
modification, based on the paradigm shift from the conven-
tional doctor/disease-oriented system to the patient/problem-
oriented system. This trend may influence clinical dentistry;
specifically, the significance of patient-based outcomes and
holistic diagnosis has been recognized in the field. Furthermore,
the names of conditions that require prosthodontic treatment
are currently used to describe only the morphology of the defect
and/or missing teeth, but this is expected to be changed to
include information on the patients’ impairments. The
committee on the diagnostic nomenclature system for
prosthodontic treatment (Chair: K. Ishibashi) has worked on
changing the naming to ‘‘B (complaints and problems of
patients) caused by A (primary disease/pathology)’’. The
committee has also proposed that the new names can include
this multi-axis assessment protocol with treatment difficulty
indices: [B caused by A (O*G~Q&P!); O: Oral physiological
conditions; G: General health and sociological conditions; Q:
OHRQOL; P: Psychological health conditions; *~&!: Grade
number 0–3]. The new names could not only refer to the main
complaints and problems of patients if this proposal is applied,
but also help to establish a new diagnostic system so that all
medical professionals can understand and classify the severity
and axis of such problems.
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Appendix 1. Clinical examination form for oral physiological conditions (fully edentulous patients)
(Please fill in or check the proper box in the shaded areas)
Height of residual ridge*
(vertical)
High
 (over 10 mm)
Moderate
Low
 (up to 5 mm)
Cross-sectional shape of
residual ridge (buccolingual
section)
U-shaped
Between U- and
V-shaped
V-shaped Flat
Firmness Hard Soft
Flabby gum,
Diffuse
inflammation
Thickness Thick Intermediate Thin Very thin
Height of residual ridge
(vertical)
High
(over 5 mm)
Moderate
Low (around 0
mm)
Cross-sectional shape of
residual ridge (buccolingual
section)
U-shaped
Between U- and
V-shaped
V-shaped Flat
Firmness Hard Soft Very hard
Thickness Thick Moderate Thin Very thin
Anteroposterior relationship
in sagittal section
Normal or
slight
reversed/deep
overbite
Moderate
reversed/deep
overbite
Severe
reversed/deep
overbite
Deviation (left-to-right
relationship) in frontal
section
None/slight
deviation
Moderate
deviation
Severe
deviation
Asymmetry of the shape of
residual ridge and/or inter-
alvelar ridge space in
frontal section
None/slight Moderate Obvious
Absent
Abnormal tongue
position, tongue
habit,
megaloglossia
Oral dyskinesia,
etc.
Absent Present Obvious
Absent 1 item 2 items 3 items
Normal
Excess,
mucous/serous
Small amount,
extremely large
amount
Extremely small
Examination Rating
Level I Level II Level III Level IV
Vomiting reflex
Torus, residual ridge undercut, abnormal position
of frenulum
Amount and nature of saliva
 4. Oral habits, etc.
5. Others
Abnormal oral habits, tongue position, etc.
1. Shape of residual
ridge
2. Property of mucous
membrane
1. Shape of residual
ridge
2. Property of mucous
membrane
3. Interocclusal
relationship of the
alvelar ridges
Examination Items
Upper jaw
Lower jaw
Examination RatingExamination Items Level I Level II Level III Level IV
*Height of the residual ridge shall be measured with the distance between the alveolar crest of the first molar part and buccal sulcus.
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Appendix 2. Clinical examination form for oral physiological conditions (partially edentulous patients)
(Please fill in or check the proper box in the shaded areas)
Examination Items
Level I
Level II
Level III
Level IV
Level I
Level II
Level III
Level IV
Level I
Level II
Level III
Level IV
Level I
Level II
Level III
Level IV
None, slight Moderate Severe
Low Moderate High
Good, slight Moderate Severe
Good Moderate
Remarkable
torus
Poor (in the few
remaining teeth)
Good no problems Not good
Absent Present
Level III
Examination Rating
Sufficient space for arranging artificial/pontic teeth (8 mm and over)
Substrate of artificial teeth will be exposed after occlusal adjustment (4-8 mm)
Arrangement of artificial teeth is not possible (2-4 mm)
Severe reversed, cross-bite, scissors bite, deep overbite occlusion
Remarkable discrepancy of upper and lower jaw (artificial tooth arrangement not possible)
Zone D: The number of dento-occlusal supports: 4-0; missing teeth: 10-17
(e.g., non-supported occlusion cases with relatively high remaining teeth)
5. Condition of remaining
dentition/periodontal tissue
Shape of residual ridge, torus
Property of mucous membrane
Abnormal oral habits, abnormal
tongue position
Level II
6. Condition of residual ridge
Periodontal disease
Malalignment, malpositioning of
dentition
Caries activity
Level I
1. Dento-occlusal support
pattern (according to the
Miyachi's Triangular
Classification [18])
2. Pattern of tooth missing
(defects)
3. Space for prosthesis
(artificial/pontic teeth)
4. Horizontal overlap or
discrepancy
Examination Items
Examination Rating
Lower jaw Upper jaw 
Level IV
Unilateral bounded edentulous cases (missing teeth: up to 2)
Distal free-end (all premolars remaining), mesial free-end (bilateral
canines remaining), unilateral bounded edentulous cases (missing
teeth: 3 and over)
Distal free-end (some premolars missing) mesial free-end (unilateral
loss of canines) combined defects cases
Occlusal contact occurs at residual ridge or only metal can be used for cover (up to 2 mm).
Normal horizontal overlap
Slight reversed, cross-bite, scissors bite, deep overbite occlusion
Distal free-end (absence of premolars), mesial fee-end (absence of
canines) cases
Zone A:  The number of dento-occlusal supports*: over 10; the number of missing teeth: 1-8
Zone B: The number of dento-occlusal supports: 9-5; missing teeth: 5-18
Zone C: The number of dento-occlusal supports: 4-0; missing teeth: 19-28
(e.g., a few remaining teeth cases: less than 10)
*The number of dento-occlusal supports represents the number of corresponding upper and lower teeth remaining.
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Appendix 3. Clinical examination form for oral physiological conditions (teeth problem patients)
Tooth # being
evaluated*
The number of teeth
requiring treatment
(Please fill in or check the proper box in the shaded areas)
Vital Unknown Non-vital
1. Remaining tooth
condition
Remaining number of axial walls 3 or more walls 2 walls 1 wall None
Height of remaining tooth
2 mm or more
supragingival
0-2 mm Subgingival Infrabony
Existence of caries None, slight Moderate Reached tooth pulp Infrabony
Dental pulp (vital teeth only) Healthy Thin residual dentine Reached tooth pulp
Pulpectomy
necessary
Perforation, crack, di fficulty after
removal, etc. (non-vital teeth only)
Absent Suspicious Present
2. Malalignment and/or
malpositioning of the
tooth
Displacement, rotation, asymmetr y,
root proximity
Absent Slight Severe
Extruded opposing teeth Absent Slight Moderate Severe
Deviated jaw position, unstable
intercuspal position**
Absent Slight Moderate Severe
3. Caries Overall caries activity Low Moderate High
Number of restored teeth and caries
teeth
Few Some Many
4. Periodontal disease Overall oral hygiene status Clean Moderately clean Bad hygiene
Examined tooth mobility M0 (physiological) M1 M2 M3
Alveolar bone resorption evaluated by
dental X-ray examination
Undetectable up to 1/3 root 1/3-1/2 root over 1/2 root
Furcation lesion  (X-ray, probe) Undetectable
Slight shadow up to 2
mm
Probe penetration
Clear shadow, over
3 mm
Pockets, bleeding on probing
up to 3 mm no dental
calcus, no bleeding
up to 3 mm with
dental calcus, bleeding
4 to 5 mm over 6 mm
Level I Level II Level III Level IV
Examination RatingExamination Items
1. Vitality of the tooth
Examined teeth position and the number
*Teeth being evaluated: Select teeth in the worst condition. Exclude teeth that obviously require extraction.
**Jaw position: Examine only habitual intercuspal position.
T. Kuboki et al. / Journal of Prosthodontic Research 56 (2012) 71–8682
Appendix 4. Examination protocol of general health and sociological conditions
Level I Level II Level III Level IV
Children except babies and
young children (7–14)
Babies and young children (0–6)
Young old (65–74) Old old (75– )
120 mg/dl at fasting, 140 mg/dl at fasting, 140 mg/dl at fasting,
HbA1c < 7.0 HbA1c < 8.0 HbA1c 8.0
(no hypoglycemic attacks) (controlled)
8. Gastroenteropathy None Gastritis Gastric ulcer/duodenal ulcer
11.  Allergy
None
Drug hypersensitivity
(slight)
Drug hypersensitivity
(serious)
Metal sensitivity reactions
AIDS-related complex (ARC) Onset (AIDS)
(CD4 < 500/ml) (CD4 < 200/ml)
15. Taking steroids
None
Currently taking
intermittently
Taking every day
16. Smoking None < 40 peaces/day 40 peaces/day
  3 medium-sized bottles of
beer
> 3 medium-sized bottles of
beer
Severe alcohol dependence
No drug dependence Drug dependence Severe drug dependence
Consideration required in the
dental treatment
Caution required in the dental
treatment
Risk in the dental treatment
(               ) (                ) (             )
19. Physical function Normal Requiring support Requiring care Requiring full care
20. Ambulatory No problem Having restrictions Di fficult Impossible
Serious involuntary movement/
can perform indicated exercise
Level 2
(consideration needed)
Level 3
 (caution needed)
Level 4
 (risk)
Producer
(15–64)
Arrhythmia/
valvular disease/
6 months after myocardial
infarction/
3 months after angina pectoris
< 6 months after myocardial
infarction/
< 3 months after angina
pectoris
Pneumonia/
 pulmonary tuberculosis/
chronic obstructive
pulmonary disease (COPD)/
asthma/
breathlessness up to a
moderate level
(SpO2 < 96)
Severe breathlessness
(SpO2 < 93)
Difficulty breathing/
cyanosis
(SpO2 < 90)
 6 months after onset
(without after effects)
6 months after onset
(with after effects)
None
None
None < 6 months after onset
Examination Rating
18. Other diseases
None
General assessment* Level 1
Moderate
(difficulty with daily
communication)
Serious
(daily communication
impossible)
14. Oral dyskinesia
None Slight involuntary movement
Cannot perform indicated
exercise
12. AIDS
None HIV carrier
13. Dementia
(cognitive
impairment)
10. Hematologic
disease None Slight
Slight
(daily communication
possible)
Glomerulonephritis/
nephrotic syndrome
(creatinine  2 mg/dL)
Palpitations
6. Respiratory disease
None
7. Hepatitis
None Chronic-stage hepatitis
180/110
Acute-stage hepatitis
(active stage)/
GOT/GPT: over 100
Renal insufficiency
  (creatinine 5 mg/dL)
Dialysis
(creatinine 12 mg/dL)
Leukemia/ thrombocytopenia
(less than 20,000)
Anemia
1. Age
Examination Items
Liver cirrhosis
9. Kidney disease
5. Heart disorder
None
4. Hypertension None < 160/100 160/100
17. Drinking
Drug dependence
2. Diabetes mellitus
None
3. Cerebrovascular
disorder
*General assessment is determined by synthesizing all of the items from the perspective of clinical experience.
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Appendix 5. Items of OHIP-J54 utilized in this study
1 Have you had di fficulty chewing any foods because of problems with your teeth, mouth or dentures?
2 Have you had trouble pronouncing any words because of problems with your teeth, mouth or dentures?
3 Have you noticed a tooth which doesn ’t look right?
4 Have you felt that your appearance has been a ffected because of problems with your teeth, mouth or dentures?
5 Have you felt that your breath has been stale because of problems with your teeth, mouth or dentures?
6 Have you felt that your sense of taste has worsened because of problems with your teeth, mouth or dentures?
7 Have you had food catching in your teeth or dentures?
8 Have your felt that your digestion has worsened because of problems with your teeth, mouth or dentures?
9 Have you felt that your dentures have not been fitting properly?
10 Have you had painful aching in your mouth?
11 Have you had a sore jaw?
12 Have you had headaches because of problems with your teeth, mouth or dentures?
13 Have you had sensitive teeth, for example, due to hot or cold foods or drinks?
14 Have you had toothache?
15 Have you had painful gums?
16 Have you found it uncomfortable to eat any foods because of problems with your teeth, mouth or dentures?
17 Have you had sore spots in your mouth?
18 Have you had uncomfortable dentures?
19 Have you been worried by dental problems?
20 Have you been self conscious because of your teeth, mouth or dentures?
21 Have dental problems made you miserable?
22 Have you felt uncomfortable about the appearance of your teeth, mouth, or dentures?
23 Have you felt tense because of problems with your teeth, mouth or dentures?
24 Has your speech been unclear because of problems with your teeth, mouth or dentures?
25 Have people misunderstood some of your words because of problems with your teeth, mouth or dentures?
26 Have you felt that there has been less flavour in your food because of problems with your teeth, mouth or dentures?
27 Have you been unable to brush your teeth properly because of problems with your teeth, mouth or dentures?
28 Have you had to avoid eating some foods because of problems with your teeth, mouth or dentures?
29 Has your diet been unsatisfactory because of problems with your teeth, mouth or dentures?
30 Have you been unable to eat with your dentures because of problems with them?
31 Have you avoided smiling because of problems with your teeth, mouth or dentures?
32 Have you had to interrupt meals because of problems with your teeth, mouth or dentures?
33 Has your sleep been interrupted because of problems with your teeth, mouth or dentures?
34 Have you been upset because of problems with your teeth, mouth or dentures?
35 Have you found it di fficult to relax because of problems with your teeth, mouth or dentures?
36 Have you felt depressed because of problems with your teeth, mouth or dentures?
37 Has your concentration been affected because of problems with your teeth, mouth or dentures?
38 Have you been a bit embarrassed because of problems with your teeth, mouth or dentures?
39 Have you avoided going out because of problems with your teeth, mouth or dentures?
40 Have you been less tolerant of your spouse or family because of problems with your teeth, mouth or dentures?
41 Have you had trouble getting on with other people because of problems with your teeth, mouth or dentures?
42 Have you been a bit irritable with other people because of problems with your teeth, mouth or dentures?
43 Have you had di fficulty doing your usual jobs because of problems with your teeth, mouth or dentures?
44 Have you felt that your general health has worsened because of problems with your teeth, mouth or dentures?
45 Have you su ffered any financial loss because of problems with your teeth, mouth or dentures?
46 Have you been unable to enjoy other people ’s company as much because of problems with your teeth, mouth or dentures?
47 Have you felt that lift in general was less satisfying because of problems with your teeth, mouth or dentures?
48 Have you been totally unable to function because of problems with your teeth, mouth or dentures?
49 Have you been unable to work to your full capacity because of problems with your teeth, mouth or dentures?
50 Have you bitten your buccal mucosa because of problems with your teeth, mouth or dentures?
51 Have you had di fficulty swallowing any foods because of problems with your teeth, mouth or dentures?
52 Have you been a fflicted by temporomandibular joint noises?
53 Have you experienced dryness of the mouth?
54 Have you felt that your sense of food texture was worsened because of problems with your teeth, mouth or dentures?
Psychological disability
Social disability
Handicap
Additional items in
Japanese version
How often in the last month have you had problems with your teeth, mouth, dentures or restorations?
Have you experienced the following problems in the last month?
Please put a circle on the best  appropriate choice (never [0], hardly ever [1], occasionally [2], fairly often [3], very often [4]).
Functional limitation
Physical pain
Psychological discomfort
Physical disability
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Appendix 6. Examination protocol of psychological conditions
1. How long have the symptoms for which you visited the dental office continued?
 Less than 1 month
 1 to less than 6 months
 6 to less than 12 months
 12 months or more
 None (this is the first visit)
 1 to 2 places
 3 to 4 places
 5 or more places
 Not at all
 Rarely
 Sometimes
 Frequently
 Always
For the following questions, please respond concerning your conditions in the past week.
Please encircle the selection corresponding to the response that is the most appropriate for the past week.
4. How often have you been concerned about your mouth in a single day? 
Not at all Rarely Sometimes Frequently Always
5. Have you felt tension due to feelings of anxiety?
Not at all Rarely Sometimes Frequently Always
6. Have you experienced being irritated and getting angry easily?
Not at all Rarely Sometimes Frequently Always
7. Have you experienced difficulty in sleeping due to worrying?
Not at all Rarely Sometimes Frequently Always
8. Have you experienced having the blues continuously or being depressed for almost all of the day?
Not at all Rarely Sometimes Frequently Always
Not at all Rarely Sometimes Frequently Always
10. Have you been feeling stressed all of the time?
Not at all Rarely Sometimes Frequently Always
For the following questions, please encircle the number that corresponds with the single most appropriate choice for
you out of responses  to  or .
2. How many medical institutions (dental offices, medical clinic , or general hospitals etc.) have you visited to date in
association with the symptoms for which you are now visiting this dental office?
3. Have you been told “there is no abnormality” or “there is no need for treatment” after consultation or examination
in a medical facility (clinic or hospital) for symptoms such as headaches, stiff upper back and neck, dizziness, ringing
of the ears, numbness or tingling of the hands or feet, upper back or lower back pain?
9. Have you experienced losing interest in many things or not being able to enjoy what you have almost always
enjoyed previously?
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Appendix 7. Pre-operative subjective/intuitive assessment of the treatment difficulty by the dentist in charge
Please encircle the selection corresponding to the response that is the most appropriate
1. How much do you think the overall treatment difficulty of this case? 
Any clinician can do easily It is di fficult even if any expert does.
1 2 3 4 5 6 7 8 9 10
2. How much do you think the treatment difficulty of this case in terms of oral physiological conditions?
Any clinician can do easily It is di fficult even if any expert does.
1 2 3 4 5 6 7 8 9 10
3. How much do you think the treatment difficulty of this case in terms of the general health and sociological conditions?
Any clinician can do easily It is di fficult even if who does.
1 2 3 4 5 6 7 8 9 10
4. How much do you think the treatment difficulty of this case in terms of the pshycological conditions?
Any clinician can do easily It is di fficult even if who does.
1 2 3 4 5 6 7 8 9 10
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